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Background: The use of beneficial microorganisms as an alternative for pest control has gained increasing attention.
The objective of this study was to screen beneficial rhizosphere bacteria with the ability to enhance tomato anti-

Results: Rhizosphere bacteria in tomato field from Fuging, one of the four locations where rhizosphere bacteria were
collected in Fujian, China, enhanced tomato resistance against the tobacco cutworm Spodoptera litura, an important
polyphagous pest. Inoculation with the isolate T6—4 obtained from the rhizosphere of tomato field in Fuging reduced
leaf damage and weight gain of S. litura larvae fed on the leaves of inoculated tomato plants by 27% in relative to
control. Analysis of 16S rRNA gene sequence identities indicated that the isolate T6—-4 was closely related to Steno-
trophomonas rhizophila supported with 99.37% sequence similarity. In the presence of S. litura infestation, inocula-
tion with the bacterium led to increases by a 66.9% increase in protease inhibitor activity, 53% in peroxidase activity
and 80% in polyphenol oxidase activity in the leaves of inoculated plants as compared to the un-inoculated control.
Moreover, the expression levels of defense-related genes encoding allene oxide cyclase (AOC), allene oxide synthase
(AOS), lipoxygenase D (LOXD) and proteinase inhibitor (P/-/l) in tomato leaves were induced 2.2-, 1.7-, 1.4- and 2.7-fold,

Conclusion: These results showed that the tomato rhizosphere soils harbor beneficial bacteria that can systemically
induce jasmonate-dependent anti-herbivore resistance in tomato plants.

Keywords: Stenotrophomonas rhizophila, Rhizosphere bacterium, Tomato, Spodoptera litura, Anti-herbivore defense

Key message

Rhizosphere bacterium Stenotrophomonas rhizophila
enhances tomato resistance against Spodoptera litura by
systemic induction of jasmonate-mediated defense.
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Background

Tomato (Solanum lycopersicum Castlemart) is one of
the most consumed fruits and vegetables worldwide
due to its richness in dietary fiber, carbohydrates, vita-
mins A and C, minerals such as boron, phosphorus and
manganese [1]. Due to its health benefits, the tomato is
also processed into various convenient products includ-
ing juice, ketchup, sauce and tomato soups. However,
tomato plants are subjected to a variety of biotic and abi-
otic stresses in the whole development stages from seed-
ling to fruit-bearing. It suffers from severe damage by
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many insect pests including aphids and white fly (Bemi-
sia tabaci Genn) [2]. The tobacco cutworm Spodoptera
litura (Lepidoptera: Noctuidae), a highly polyphagous
pest of many important crops, also causes significant
tomato vyield losses [3]. Therefore, novel approaches of
controlling S. litura are urgently needed in the agricul-
tural production.

Traditional agricultural practices for the control of S.
litura involve the use of insecticides [4]. Although the
application of insecticides is considered to be an effective
control strategy the insect pests can rapidly develop high
level of resistance upon the extensive and overdose use of
insecticides [5, 6]. Insecticide resistance in turn substan-
tially increases the worldwide application of insecticides.
Consequently, it severely threatens efficient pest man-
agement [7, 8]. Hence, the use of the biological control
strategy for tomato protection against insect pests is con-
sidered as an environmentally friendly option.

Beneficial microorganisms as an alternative to agro-
chemical application for crop protection against micro-
bial pathogens and insect attackers have been extensively
studied in recent years and has become an increasingly
important method. The positive impacts of beneficial
microorganisms with the advantages of the growth pro-
motion and enhanced tolerance to the biotic factors have
been studied in many plants such as tomato [9], pepper
[10], maize [11] and cotton [12]. It has been shown that
many plant growth-promoting rhizobacteria (PGPR) col-
onized at the soil-root interface have great potential for
improving crop productivity by phosphate solubilization,
nitrogen fixation, or disease suppression [13, 14]. Most
importantly, some PGPR could induce systemic resist-
ance (ISR) in host plants [15]. Plant defense against insect
attack is associated with various phytohormones. Jas-
monic acid (JA) is the key phytohormone that mediates
plant defense against herbivores [16—18]. The expression
of JA signaling pathway related genes GhAOS, GhLOX1I
and GhOPR3 in cotton can be induced after inoculation
with beneficial rhizosphere microorganisms [12]. The
JA signaling pathway has been demonstrated to play a
crucial role in rhizobacteria-triggered ISR of Arabidop-
sis thaliana against the generalist caterpillar Mamestra
brassicae [19]. In addition, studies have shown that
PGPR-mediated ISR is often associated with enhanced
expression of plant responsive genes encoding proteinase
inhibitors (PIs) and with increased activities of defense-
related enzymes [20-22]. It has been well documented
that PIs are crucial for plant defense against insect her-
bivores [23, 24]. Upon insect attack, defense responses
can be induced more rapidly in PGPR-inoculated plants.
For example, inoculation of cotton plants with Bacillus
spp. can rapidly induce accumulation of JA and increase
transcript level of JA responsive genes [12]. Inoculation
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of tomato plants with Bacillus subtilis induces systemic
resistance against gray mold [25] and whitefly Bemisia
tabaci [26].

The aim of the study was to screen the beneficial rhizo-
sphere bacteria with the potential to improve tomato
resistance against the polyphagous pest S. litura. The
T6-4 isolate defined as Stenotrophomonas sp. was suc-
cessfully obtained and its capacity to induce tomato ISR
was evaluated by examining the defense-related enzymes,
genes and proteinase inhibitor.

Materials and methods

Tomato plants and Spodoptera litura

Tomato seeds (Solanum lycopersicum Castlemart; TGRC
accession: LA2400) were provided by Prof. Chuanyou
Li of the Institute of Genetics and Developmental Biol-
ogy, Chinese Academy of Sciences. They were surface
sterilized for 5min in 10% H,O,, rinsed with sterilized
distilled water for three times, and then germinated on
autoclaved soil beads according to the method described
by Song et al. [27]. Ten-days-old tomato seedlings were
transplanted to pots for further experiments.

The caterpillar Spodoptera litura population was pro-
vided by the Institute of Entomology, Sun Yat-sen Uni-
versity (Guangzhou, China). Its larvae were fed on the
semi-synthetic diet as described by Gupta et al. [28] and
maintained in an insectary (23-26°C, 65-70% relative
humidity) in the laboratory.

Chemicals

The Bacterial Genomic DNA Extraction UNIQ-10 kit
was obtained from Sangon Biotech (Shanghai, Co., Ltd.
China). SYBR Green Real-time PCR Master Mix was
purchased from Toyobo Life Science (TOYOBO Co. Ltd.,
OSAKA, Japan). The other chemicals used in the study
were purchased from Sigma-Aldrich (St. Louis, MO,
USA).

Rhizosphere soil sampling for screening bacteria
that induced tomato defense
Rhizosphere soil samples were collected from tomato
fields in Fuqing, Fuzhou, Putian and Minhou in Fujian
province (Southeast China). The sampling method
was performed according to the methods previously
described [11, 29]. Briefly, soil samples were randomly
collected from rhizosphere soil of tomato plants in four
locations. The collected rhizosphere soils were passed
through a 4mm sieve to eliminate plant materials, then
the prepared soil samples were stored at 4°C until further
use.

To examine the effect of rhizosphere bacteria on
tomato resistance against the chewing caterpillar S. litura
the soil slurry was prepared as described by Kostenko
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et al. [30] and Yuan et al. [31] with slight modification.
Fifty grams of each soil sample were mixed with 500 mL
sterile distilled water and incubated at room temperature
overnight, then the soil slurry was obtained by filtering
through a Whatman No. 42 filter-paper. Ten-days-old
tomato seedlings were transplanted into pots filled with
2kg autoclaved soil/sand mixture (2:1) and inoculated
with 50mL soil slurry obtained from rhizosphere soils
from Fuqing, Fuzhou, Putian and Minhou, respectively,
or 50mL autoclaved water as control. Each treatment
contained 10 tomato plants that were randomly placed
in the greenhouse with 21/16°Cday/night. The plants
were irrigated with sterile water twice a week for 30 d.
Then, the larvae with similar body weights were trans-
ferred on tomato leaves with sterile tweezers (3 larvae per
plant) and the tomato plants were covered with a breath-
able mesh bag to prevent pests from escaping. Thirty S.
litura larvae were used for each treatment. The weight
gains of S. litura larvae were recorded 48h after larval
inoculation.

Isolation and screening of bio-control bacteria

Tomato rhizosphere soil samples from Fuqing were care-
fully collected by uprooting the root system and shaking
the loose soil around the roots. The obtained rhizos-
phere soil was kept at room temperature for air-dry. Five
grams of the obtained rhizosphere soil were added into a
150 mL Erlenmeyer flask containing 50 mL of sterile dis-
tilled water. After shaking the flask at 120 rpm for 30 min,
the suspension was used to isolate associated rhizosphere
bacteria by serial dilutions method [32]. Then, 100 uL ali-
quots (107° to 10~ %) were spread on plates with Tryptic
soy agar (TSA), Lysogeny broth (LB) or Nutrient agar
(NA) (Table S1). The agar plates were incubated at 28°C
till the bacterial colonies appeared on the plates. Mor-
phologically different colonies were isolated and purified
using the serial dilution plating technique [33]. All iso-
lates were stored at — 80°C for further analysis.

To screen the bio-control bacteria with the ability to
enhance the tomato plant resistance against S. litura,
ten-days-old tomato seedlings were transplanted into
the pots as described above. The bacterial suspension
of isolate (OD600~0.8) was collected and added to the
soil around tomato roots. An equal volume of distilled
water was injected into the other group to serve as the
control. For each treatment, 20 tomato plants were
inoculated and randomly placed in the greenhouse with
21/16°Cday/night. Thirty days after bacterial inoculation
the plants were inoculated with 3rd-instar larvae on the
leaves (3 larvae per plant), then covered with a breathable
mesh bag to prevent pests from escaping. Sixty S. litura
larvae were used for each treatment. The weight gain of
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S. litura larvae in 72h was used as an indicator of plant
anti-herbivore resistant level.

Identification of bacterial T6-4 isolate

Colony morphology, gram staining and 16S rRNA gene
sequence were carried out to identify the bacterial T6—4
isolate that induced tomato anti-herbivore resistance.
T6-4 isolate was cultured in TSA culture medium and
incubated at 28°C for 2days, and then the colony mor-
phology was then observed with naked eyes. Subse-
quently, gram staining was carried out to further identify
the T6—4 isolate. In addition, 16S rRNA gene sequence
was conducted to confirm the identification of T6—4 iso-
late [34, 35]. Bacterial genomic DNA was extracted and
purified using a Sangon Bacterial Genomic DNA Extrac-
tion UNIQ-10 kit (http://www.sangon.com/, China).
Then, polymerase chain reaction (PCR) was performed
to amplify the partial 16S rRNA gene of T6-4 isolate
using primers 27F (5-AGAGTTTGATCCTGGCTC
AG-3') and 1492R (5'-GGTTACCTTGTTAC GACTT-
3’). The DNA generated by PCR was sequenced by San-
gon Biotech (Shanghai) Co., Ltd. A homology search of
the related 16S rRNA gene sequences was performed
using BLAST search against the nucleotide database
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Alignment of
the related 16S rRNA gene sequences was performed
and a phylogenetic tree was constructed using MEGA 5.0
according to the neighbor-joining (NJ) method with 1000
bootstrap replications.

Determination of the content of protease inhibitor (PI)

and activities of defense-related enzymes in tomato leaves
The ELISA kit was used to determine the activity of PI
in tomato leaves according to the instruction of the kit.
Activities of peroxidase (POD) and polyphenol oxidase
(PPO) were detected according to the reported meth-
ods with slight modification [27, 36, 37]. Three days after
insect inoculation, leaf samples (100mg, fresh weight)
from tomato plants un-inoculated or inoculated with
T6-4 isolate were collected and ground to a fine powder
in liquid nitrogen. Then, samples were homogenized in
phosphate buffer (0.05M) containing 1% (w/v) polyvi-
nylpyrrolidone (PVP), and the optimum pH of the buffer
was adjusted to 7.2 for POD and 7.8 for PPO. The super-
natant was obtained after centrifugation at 10000 rpm at
4°C for 15min and used for analysis of defense-related
enzyme activity. The reaction was initiated by adding
supernatant of POD and PPO extract and the change in
absorbance at 470/525nm was recorded. The enzyme
activities were calculated as the units of enzyme activity
per mg of protein. Three replicates were performed for
each analysis.
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Analysis of gene expression using quantitative reverse
transcription PCR

The leaves of bacterium-inoculated and un-inoculated
tomato plants were sampled at 0/6hours after a chal-
lenge by S. litura for analysis of the defense-related gene
expression. Firstly, the leaves were ground to powder in
liquid nitrogen, then total RNA was extracted using TRI-
zol reagent (TaKaRa, Japan). The first-strand cDNA was
synthesized from 1000 ng of total RNA using GoScript
Reverse Transcription Mix, Oligo (dT) according to the
manufacturer’s instructions. The reverse transcriptional
reaction condition was: 25°C, 5min; 42°C, 60min; 75°C,
15min; 4°C, oco. The quantitative reverse transcription
PCR (RT-qPCR) experiments were performed to ana-
lyze the expression levels of genes encoding allene oxide
cyclase (AOC), allene oxide synthase (AOS), lipoxyge-
nase D (LOXD) and proteinase inhibitor (PI-I). The
gene-specific primers used in the study were listed in
the Table S2 [27]. The RT-qPCR reactions were carried
out with 12.5uL of the SYBR green master mix, 1pL
c¢DNA, 0.2uL (10 uM) of each specific primer, and 11 pL
RNase free water. RT-qPCR was performed in Step One
Plus PCR instrument (Applied Biosystems). The ther-
mal cycle reaction condition was: 95°C,1 min; 95°C,20s;
58-60°C,155;72°C,30s; 40cycles; 82°C,1s. The house-
keeping gene actin was used as an endogenous control in
the RT-qPCR experiment.

Influence of T6-4 isolate inoculation on tomato growth
Growth medium of around the roots of tomato plants
was inoculated with the suspension of T6-4 isolate
(OD600~20.8). An equal volume of distilled water was
added instead of the suspension of T6-4 isolate in the
control. Each plant received 1000 pL bacterial suspen-
sion of T6—4 isolate or distilled water twice a week in
the greenhouse condition. Each treatment had 20 plants.
After 30days the growth traits including shoot length,
length of the longest leaf, shoot fresh weight and dry
weight were measured to evaluate the effects of the bac-
terial inoculation on tomato growth.

Data analysis

Graphpad Prism 8.0.2 software and Microsoft Excel
2013 were used to process and plot the data. SPSS 19
(SPSS, Chicago, IL, USA) software was used for statisti-
cal analysis [38]. The bioassays, physiological and bio-
chemical experiments were performed by a completely
randomized design. A one-way ANOVA and Tukey’s
multiple range test (P<0.05) were used to evaluate
the significance of differences among different treat-
ments (Fig. 1). The independent sample T-test was used
to evaluate the significance of differences between the

Page 4 of 10

Weight gain ( %)

Control Fuqing Fuzhou Putian Minhou

Sampling location
Fig. 1 Weight gain of S. itura larvae fed on tomato leaves. Tomato
plants were grown in sterilized soil inoculated with the microbes
from soils collected from four locations in Fujian Province, China, and
inoculated with S. litura larvae (see Materials and Methods). Control
larvae are those fed on the plants without microbial inoculation.
Values are mean % SE (n = 30). The letters above the bars indicate
the significant differences among treatments (one-way ANOVA and

Tukey's multiple range test, P <0.05)

bacterium-inoculated group and the un-inoculated
group. The normality (P>0.05) of all data and homoge-
neity of variance (P> 0.05) were confirmed through Sha-
piro-Wilk test and Levene’s test, respectively using SPSS
19 software.

Results

Effect of bacteria in rhizosphere soils from different
locations on tomato anti-herbivore resistance

The soil slurries obtained from Fuqing and Fuzhou
showed obvious effects on tomato resistance against S.
litura, while the others obtained from Putian and Min-
hou showed no significant effect (Fig. 1). Weight gain of
S. litura larvae fed on the leaves of tomato plants inocu-
lated with the bacteria in the rhizosphere from Fugqing
location was significantly lower than those from the other
three locations that were decreased by 114% relative to
control. On the contrary, S. litura larvae fed on tomato
plants inoculated with the bacteria in the rhizosphere
from Fuzhou location showed an 88% increase compared
with the control, i.e., without bacterial inoculation.

Isolation and screening of rhizosphere bacteria

that induces tomato anti-herbivore resistance

Based on the results above, the soil of the rhizosphere
from Fuqing was subjected to further screening and
isolation of the bacteria that induced tomato anti-her-
bivore resistance. A total of 102 isolates were obtained
from the rhizosphere of tomato plants. Among these
isolates, three of them, designated as T1-4, T1-2 and
T6-4, showed some effects on tomato resistance against
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Fig. 2 Weight gain of S. litura larvae fed on tomato plants grown in soil inoculated with rhizosphere bacteria isolates. Three isolates, T1-4 (A),
T1-2 (B) and T6—4 (C), were isolated from soil collected from Fuging in Fujian Province, China. Control larvae are those that were fed on the plants
without microbial inoculation. Values are mean =+ SE (n =60). The asterisks indicate statistically significant differences according to the independent
t-test between the bacteria treated group and the control-treated group (**P<0.01). ns, not significant

S. litura (Fig. 2A, B and C). The effects of other isolates
including individual isolates and mixture isolates used in
the study on the weight gains of S. litura were shown in
Table S3—1 and Table S3-2. Particularly, the weight gain
of the larvae fed on the tomato plants inoculated with
T6-4 isolate decreased by 27% (p=0.0045) relative to
control (Fig. 2C).

Identification of the bacterial T6-4 isolate

The morphological characteristics of the T6-4 isolate
were determined. The isolate T6—4 cultured on the TSA
medium plate at 28°C for 24h displayed the spherical,
smooth, convex, and primrose yellow colony (Fig. 3A).
The gram staining technique was then used to iden-
tify the isolate. The cellular morphology of the isolate
was observed with a microscope. The shape of bacte-
rial cells appears to be a straight or slightly curved rod
with a size of 2.5um, suggesting that it belongs to a
gram-negative bacterium (Fig. 3B). The 16S rRNA gene
sequence containing 1456bp was obtained and a neigh-
bor-joining phylogenetic tree was constructed (Fig. 3C).
The sequence analysis indicated that the isolate T6—4
was closely related to Stenotrophomonas rhizophila with
99.37% sequence similarity. The isolate was defined as
Stenotrophomonas sp. T6—4 (Fig. 3C).

Induction of protease inhibitor (Pl) and defense-related
enzyme activity by T6-4 isolate

Protease inhibitors (PIs) play a vital role in tomato
defense against insect pests [34]. Inoculation with S. rhiz-
ophila T6—4 isolate led to a 66.9% increase in PI activ-
ity in tomato leaves (Fig. 4 A). Similarly, the activities of
the defense-related enzymes POD and PPO in the leaves
of tomato plants inoculated with T6-4 isolate were

significantly increased by 53 and 80%, respectively, as
compared to the un-inoculated control (Fig. 4B & C).

Induction of defense-related genes by T6-4 isolate

To investigate the impact of T6—4 isolate on the gene
expression in tomato plants, four defense-related genes,
i.e., allene oxide cyclase (AOC), allene oxide synthase
(AOS), lipoxygenase D (LOXD) and proteinase inhibi-
tor (PI-II) were selected and analyzed by RT-qPCR. As
shown in Fig. 5, inoculation with T6—4 isolate in tomato
rhizosphere induced the expression of all four defense-
related genes 6h after insect inoculation. The relative
expression level of PI-II in the leaves of tomato plants
inoculated with T6-4 isolate was 1.4 fold higher than
control (Fig. 5A), while the jasmonate biosynthesis genes,
AOC, AOS and LOXD, in tomato leaves were 2.2-, 1.7-
and 2.7-fold, respectively (Fig. 5B, C, D).

Impact of the T6-4 isolate on tomato growth

As compared to the control, inoculation with T6—4 iso-
late did not significantly affect the lengths of the shoot
and the longest leaf (Fig. 6A & B). However, the bacterial
inoculation increased shoot fresh weight and dry weight
by 33 and 23%, respectively (Fig. 6C & D).

Discussion

The enormous diversity of rhizosphere microbes, also
referred to as the second genome of the plant, plays an
important role in plant resistance against insect her-
bivores and microbial pathogens [9, 31, 39, 40]. Plant
health is highly dependent on its rhizosphere microbes
[41, 42]. Recent evidence indicates that plants are capable
of recruiting certain beneficial rhizosphere microbes to
suppress pathogens in the rhizosphere [40, 43—45]. This
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study shows that the tomato rhizosphere harbors benefi-
cial bacteria that induce plant anti-herbivore defense. Soil
slurry from tomato rhizosphere collected from Fuqing
enhanced tomato resistance against chewing caterpillar
S. litura (Fig. 1). From the soil of the tomato rhizosphere,
we isolated the bacterial isolate T6—4 that enhanced
tomato anti-herbivore resistance (Fig. 2). Based on mor-
phology and 16S rDNA sequence, the isolate T6-4 was
identified as Stenotrophomonas sp. T6—4 (Fig. 3).
Bacteria of the genus Stenotrophomonas have gained
increasing interest due to their ubiquitous occurrence,
suppression of disease and promotion of growth [46, 47].
S. maltophilia in the rhizosphere of oilseed rape shows

in vitro and greenhouse inhibitory effects on the growth
of Rhizoctonia solani and Verticillium dahliae var. long-
isporum, two common soil-borne pathogens of rape
(Brassica napus L.) [48). S. rhizophila is an active partici-
pant in the rhizosphere and endosphere, and it has the
potential for use to promote plant growth and control
plant diseases [49]. S. rhizophila is also considered as a
salt-tolerant beneficial microorganism due to its pro-
duction of glucosylglycerol (GG) and trehalose, which
are compatible solutes that allow plants to acclimate to
enhance salinities, desiccation, and cold stress [50]. In
the highly salinated soils in Uzbekistan, the promotion of
plant growth by S. rhizophila DSM14405" is up to 180%
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[51]. Such plant growth promotion effect is particularly However, little is known about the role of the bacte-
apparent in tomato plants [47]. S. rhizophila DSM14405"  rial genus in plant anti-herbivore resistance. Our study
stimulates plant growth by eliminating deleterious micro-  showed that S. [itura feeding on the leaves of tomato
organisms in the soil [47, 52]. was affected by root colonization by S. rhizophila T6—4
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isolate obtained from rhizosphere soil of tomato. Sev-
eral recent studies have shown that inoculation with
rhizosphere bacteria enhances plant defense against
insect herbivores [3, 12, 53]. The bacteria were inocu-
lated in the roots and their colonization enhanced
anti-herbivore defense in the leaves, suggesting that
systemic defense responses had been induced by those
rhizosphere bacteria. A similar finding by Pangesti
et al. showed that inoculation of Arabidopsis roots with
rhizobacteria enhanced plant resistance against chew-
ing insects though increased expression of JA-depend-
ent gene LOX2 [19]. Likewise, Zebelo et al. reported
that rhizosphere bacteria enhanced cotton resistance
against the leaf-chewing insect S. exigua by induction
of JA-related genes and (+)-0-cadinene synthase genes
involved in the biosynthesis of gossypol [12]. Here we
also found that upon S. litura infestation the expression
levels of JA-related genes including AOC, AOS, LOXD
and PI-II were induced by bacterial inoculation with
T6-4 isolate (Fig. 5). The activities of defense-related
enzymes and protease inhibitors were also enhanced
by bacterial inoculation (Fig. 4). Similarly, Bano &
Mugqarab revealed that rhizobacteria-inoculated plants

showed enhanced activities of antioxidant enzymes
POD and SOD, polyphenol oxidases (PPO) and pro-
teinase inhibitors, which contributed to increased
protection of tomato plants against S. litura [3]. Accu-
mulation of PIs has been considered as a plant defen-
sive response to insect herbivores [54, 55]. Plant PIs can
bind to the digestive enzymes in insect guts and inhibit
their activity, thereby reduce protein digestion, result-
ing in slow development and/or starvation [16]. Inocu-
lation with a combination of Pseudomonad isolates Pf1,
TDK1 and PY15 induced accumulation of proteinase
inhibitors that contributed to enhanced rice defense
against leaffolder, Cnaphalocrocis medinalis Guen
[56]. This study also showed that Stenotrophomonas sp.
T6-4 improved tomato growth (Fig. 6C & D) as well as
enhanced plant resistance against insect herbivore S.
litura.

In conclusion, our findings demonstrate that tomato
rhizosphere harbors some beneficial bacteria that can
systemically induce JA-dependent defense responses,
leading to enhanced plant resistance to chewing insect
herbivore S. litura. This study reveals a novel approach
of screening beneficial bacteria to induce plant
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anti-herbivore resistance. Our findings suggest that the
use of soil beneficial microorganisms has great poten-
tial to control insect pests in agriculture.

Abbreviations

POD: Peroxidase; PPO: Polyphenol oxidase; PI: Protease inhibitors; AOC: Allene
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